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Abstract 
This article presents the Proceedings of the Fourteenth International Symposium on Water-Rock Interaction, WRI-14, 
held from 9-14 June 2013 in the Palais des Papes, Avignon, France. The persons responsible for this volume are: 
Pierpaolo Zuddas, Secretary General of WRI-14 (Université P. et M. Curie, Paris-Sorbonne) 
Roland Hellmann and Helmut Pitsch, Guest Editors of this volume
And the members of the Scientific Editorial Review Team: 
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Mohamed Azaroual (Bureau de Recherches Géologiques et Minières - BRGM) 
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1. Preface 
The 14th edition of the International Symposium on Water-Rock Interaction was held from 9-14 June 
2013 in the Palais des Papes in the historic city of Avignon, located in southeastern France. As is the 
tradition with WRI symposia, earth scientists and guests from around the world convened over a week’s 
time to exchange the latest ideas, advances, and data covering some of the most important aspects of 
rock-water interactions. The research that was presented in both oral and poster format covered studies 
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derived from experimental and laboratory work, modeling and theoretical approaches, and field 
measurements. The presentations at the symposium showed the immense range of conditions associated 
with natural, experimental, and theoretical rock-water systems, encompassing a wide range of pH, as well 
as temperature and pressure conditions ranging from ambient to beyond the critical point of water. In 
addition, as can be evidenced from the presentations, many water-rock systems are increasingly being 
described in terms of control by both abiotic and biogeochemical processes. Advances in fundamental 
WRI research are also making significant contributions to better understanding current environmental 
problems, which are quite often highlighted in today’s media headlines. Reflecting the importance of 
these environmental and societal challenges, an important number of presentations in this symposium 
described the current state of the knowledge concerning acid mine drainage, geological CO2
sequestration, shale gas extraction, aquifer salinization and diminishing potable water resources, and 
nuclear waste storage. 
We would also like to note that 2013 is a special year in that it marks the 150th anniversary of the birth 
of Vladimir Ivanovitch Vernadsky in St. Petersburg, Russia. He is known for his seminal contributions to 
the fields of geochemistry, biogeochemistry and radiochemistry. In fact, V.I. Vernadsky and V. 
Goldschmidt are often considered to be the founding fathers of modern geochemistry. To mark this event, 
a special session was organized to render tribute to his important contributions that established the basis 
of much of our understanding of water-rock interactions. 
The WRI-14 symposium has been divided into three main scientific themes and their respective sub-
themes, which are listed below. 
A. Fundamentals of water-rock interactions 
Thermodynamics and kinetics 
Migration and transport phenomena in fractured and porous rocks 
Characterization of mineral surfaces and water/mineral interfacial processes 
Biogeochemical water-rock interactions 
Water-gas-rock interactions 
Recent application of stable and radiogenic isotopes 
Experimental design for laboratory and field 
Role of water in fault behavior  
Modeling of water mineral/rock interactions 
Aquatic chemistry of actinides and fission products
B. Specific environments
Water in petrogenesis and magmatic processes 
Deep fluids and geothermal systems 
Pore water chemistry in sediments and sedimentary basin evolution 
Weathering of rocks and soil formation 
Interactions in the vadose zone and soils 
High salinity continental fluids 
Ore deposits and ore forming processes 
Volcanic fluid interaction with rocks 
Water-rock interaction in arid and semi-arid climates 
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C. Applications and environmental hazards
Water resources and groundwater quality 
Exploration of geothermal resources  
Geological sequestration of CO2
Oil and gas shale exploitation 
Mine tailings, acid mine drainage, remediation 
Radioactive and toxic waste: geological disposal and storage, alteration of matrices 
Risk assessment and remediation of brownfields and contaminated sites 
Transport and fate of contaminants in shallow and deep contexts 
Water rock interaction and health 
WRI-14 was sponsored by the following organizations: International Association of Geochemistry, 
Water-Rock Interaction working group of the IAGC, French Geological Survey (BRGM), French 
Alternative Energies and Atomic Energy Commission (CEA), French Institute for Radioprotection and 
Nuclear Safety (IRSN), US Army Engineer Research and Development Center. In addition to this, we 
were able to award seven stipends from the Gian Maria Zuppi Scholarship fund, administered by the 
University of Venice (Italy). These stipends facilitated the participation of young scientists working in the 
field of hydrological sciences. WRI-14 has dedicated a memorial session to Prof. Gian Maria Zuppi, who 
died prematurely two years ago. G.M. Zuppi taught isotope geochemistry in Italy and France, and worked 
for more than 30 years on geohydrological cycles in arid and semiarid areas, in particular in African 
countries. WRI-14 also acknowledges 3 stipends from IRSN and 5 from CEA that were also awarded to 
young researchers. 
Some 260 manuscripts were submitted to WRI-14 by scientists from 37 countries. The manuscripts 
were handled by our Scientific Editorial Review Team, such that each manuscript was peer reviewed for 
scientific content by two reviewers. In the end, 230 manuscripts were accepted for either oral or poster 
presentation at the symposium. Each one of these papers can be found in this special symposium volume.
Since many of the manuscripts were written by colleagues not fluent in the English language, minor 
spelling and grammatical changes were made by the first co-editor, when deemed necessary. These 
changes hopefully improved the clarity of certain titles and abstracts. 
Breaking with the longstanding tradition of producing a hardcover symposium book, WRI has joined 
the world of electronic open access publishing. For this reason the WRI-14 scientific committee chose 
Procedia Earth and Planetary Sciences, published by Elsevier, as an electronic platform for the 
symposium proceedings. This new publishing format will give greater visibility to our work by providing 
the scientific community with easier access to our papers than ever before. 
And finally, we would like to pay tribute to the memory of Ignacio Torres Alvarado, co-editor of the 
WRI-13 Proceedings volume, who passed away unexpectedly in early 2012. 
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